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nia virus expressing the bacteriophage T7 RNA polymerase gene allowed 

of widely applicable expression systems for the synthesis of 
ins in mammalian cells (Moss, E . , et al . , Nature, 348:91-92 (1990))./' 
recombinant gene expression relies on the synthesis of the T7 RNA 
cytoplasm of eukaryotic cells. Most popular became a protocol for 
ion (Fuerst, T. R./et al . , Proc. Natl. Acad. Sci. USA , 83:8122 -8126 
atent application Ser. No. 7,64 8,971)). First, a foreign gene of 
ted into a plasmid under the control of the T7 RNA polymerase K ' - 

following, this plasmid is introduced into the cytoplasm of ceils 
eeombinant. vaccinia virus producing T7 RNA polymerase using standard 
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Brief Summary Text (5) : 

j _ 

This t ransf ect ion protocol is simple because no new recombinant viruses need to be 
made and very efficient with greater than 30 1 of the cells expressing the gene of 
.interest (Elroy-Stein, 0. and Moss, 3., Proc. Natl. Acad. Sci. USA, 37:6743 -6747 
■1990)). The advantage of the vaccinia virus/T7 RNA polymerase hybrid system over- 
other transient expression systems is very likely its independence on the transport of 
p]asmids to the cellular nucieus. In the past, the system has been extremely useful ^ 
for analytical purposes in virology and cell biology (Buonocore, L. and Rose, J. K, 
Nature, 345:625-623, (199C); Pattnaik, A. K and Wertz, G. W., Proc. Natl. Acad. Sci 
USA, 88:1379-138 3 (1991); Karschin, A. et al., FEBS Lett. 278: 229-2 33 (1991), Ho, B 
V. et al., FEBS Lett., 301:303-306 (1992); Bucnnolz, C. J. et al . , Virology, 
204:770-776 (1994)). However, important future applications of the vaccinia virus/T7 
RNA polymerase hybrid system, as e.g. to generate recombinant proteins or recombinant 
i r iral particles for novel therapeutic or prophylactic approaches in humans, might be 
hindered by the productive replication of the recombinant vaccinia vector. 
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abeve essentially free from viruses being able to replicate in human cells; the use of 
a recombinant MVA virus as abeve for the transcription of DNA sequences under 
transcriptional control of a T7 RNA polymerase promoter; a eukaryotic cell infected by 
a recombinant MVA virus as any above; a cell infected by a recombinant MVA virus as 
above wherein the foreign gene code for T7 RNA polymerase; a cell infected by a 
recombinant MVA virus as above wherein the foreign gene code for T7 RNA polymerase, 
additionally containing one or more expression vectors carrying one or more foreign 
genes under transcriptional control of a T7 ? NA polymerase promoter; the use of cells 
as above for the production of the polypeptides encoded by said foreign genes 
comprising: a) culturing said cells under su: table conditions, and b) isolating the 
polypeptides encoded by said foreign genes, a cell infected by a recombinant MVA virus 
as above wherein the foreign gene code for RNA polymerase, additionally containing 
expression vectors carrying viral genes, and' or a viral vectcr construct encoding the 
genome of a viral vector under transcriptional control of a T7 RNA polymerase 
promoter; the use of a cells as above for the production viral particles comprising: 

J.. 

a) culturing said cells under suitable conditions, and b) isolating the viral 
particles; a cell infected by a recombinant MVA virus as above wherein the foreign 
gene code for T7 RNA polymerase, additionally containing a) an express ion vector 
carrying a retroviral vector construct capable of infecting and directing the 
expression in target cells of one or more foreign genes carried by said retroviral 
vector construct, and b) one or more expression vectors carrying the genes encoding 
the polypeptides required for the genome of said retroviral vector construct to be 
packaged under transcriptional control of a T7 RNA polymerase promoter; the use of 
cells as above for the production of retroviral particles comprising a) culturing said 
cells under suitable conditions, and b) isolating the retro-viral particles; a vaccine 
containing a recombinant MVA virus as above wherein the foreign gene code for an 
antigenic determinant in a physiologically acceptable carrier; the use of a 
recombinant MVA virus as above wherein the foreign gene code for an antigenic 
determinant preparation of a vaccine; the use of a vaccine as above for the 
immunization of a living animal body, including a human; the use of a vaccine as above 
containing MVA - LA Ine f for the prevention or treatment of HIV infection or AIDS; the 
use of a vaccine as above containing MVA-hTYR for the prevention or treatment of 
melanomas; a vaccine comprising as a first component , a recombinant MVA virus as above 
wherein the foreign gene code for T7 RNA polymerase in a physiologically acceptable 
carrier, and as a second component a DNA sequence carrying an antigenic determinant 
under transcriptional control, of a T7 RNA polymerase promoter in a physiologically 
acceptable carrier, the two components being contained together or separate; the use 
of a vaccine as above for the immunization of a living animal body, including a human, 
comprising inoculation of said living animal body, including a human, with the first 
ana second component of the vaccine either simultaneously or with a time lag using the 
same inoculation site; and 

E' raw i ng De s c r i p t i on Text ( 3 ) : 

FIG. 2 is a schematic map of pUC II LZ P7 . =■ : MVA vector plasmid for insertion into 
deletion II containing Pll-LacZ expression cassette and the vaccinia virus early/late 
promoter P7 . 5 to express genes of interest that can be cloned into, the Smal site of 
the plasmid. 

D r -i a i o e s c r ; o "~ ; — ^ T ^ x *~ ( 4 ) : 

Fi 3 is a schematic map of pVoII ZZ:ie] p: . 5 : MVA verier plasmm for insert ion of 
foreign genes at the site of deletion 11 in the MVA genome, containing a self -de 1 et. i ng 
Pll-LacZ expression cassette and the vaccinia virus early/late promoter PI . 5 to 
express genes of interest that can be cloned into the Smal/Notl cloning site of the 
P 1 asm id . 

detailed Description Text (4) : 

Still another object, of the present invention is to provide an expression system based 
on a recombinant MVA virus expressing T7 RNA polymerase, and methods for the 
p-roduction of polypeptides, e.g. antigens or therapeutic agents, or for generating 
viral 'vectors for gene therapy or vaccines, based on this expression system. 

Detai lei_ Des cript ion Text (20) : 

The MVA/T7 polymerase hybrid system according to the invention can thus be used as a 
simple, efficient and safe mammalian expression system for production of polypeptides 
in the absence of productive vaccinia virus replication. 
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Detailed Description Text (25) : 

The recombinant MVA virus according to the invention expressing T7 RNA polymerase can 
be used to produce the proteins required for packaging retroviral vectors. To do this 
the gag, pel and env genes of a retrovirus (e.g. tne Murine Leukemia Virus -MLV)) are 
placed under transcriptional control of a T7 RNA polymerase promoter in one or more 
expression -eotors (e.g. plasmids). The expression vectors are then introduced into 
cells infected with the recombinant MVA virus expressing T7 RNA polymerase, together 
with an express i on vector carrying a retrovira ! vector construct, possibly under 
transcriptional control of a T- RNA polymerase promoter. 

E'etailed Description Text (27) : 

A further use of "the recombinant MVA -virus expressing T7 RNA polymerase is to generate 
recombinant proteins, noninfectious virus particles, or infectious mutant virus 
particLes for the production of vaccines or therapeutics (Buchholz et al . , Virology, 
204:770- 776 (1994) and EP - B 1 - 1 3 5 6 6 95 ; . Tc do this viral genes (e.g. tne gag-pol and 
env genes of HIV-1) are placed under transcriptional control of the T7 promoter in an 
expression \-ector (e.g. plasmid or another recombinant MVA virus) . This construct is 
then introduced into cells infected with the recombinant MVA virus express ino T7 RNA 
polymerase. The recombinant viral genes are transcribed with high efficiency, 
recombinant proteins are made in high amounts and can be purified. Additionally, 
expressed recombinant viral proteins ; e . g . , HIV-1 env, gag) may assemble to viral 
pseudo -r>a rt i c 1 es that budd from the cells and can be isolated from the tissue culture 
medium. In another embodiment, viral proteins (from e.g. HIV, SIV, Measles virus) 
expressed by the MVA - T 7 pol system may rescue an additionally introduced mutant virus 
(derived from e.g. HIV, SIV, Measles virus/ by overcoming a defect in attachment and 
infection, uncoating, nucleic acid replication, viral gene expression, assembly, 
budding or another step in viral multiplication to allow production and purification 
of the mentioned mutant virus. 

Detailed Des z r i pt i_on_ Text (28): 

MVA-T7pol can also be used together with DNA sequences carrying the gene of an antigen 
of interest (e.g. the gene of HIV, net , tat, gag, pol, or env or others) for 
immunization. First, a coding sequence of a given antigen (e.g HIV, HCV, HPV, H3V, 
measles virus, influenza virus or ether) are cloned under control of a T7 RNA 
polymerase promoter prefer-ably in a plasmid vector and the resulting DNA construct is 
amplified and purified using standard laboratory procedures. Secondly, the vector DNA 
is inoculated simultaneously or with appropriate limelags together with MVA--T7pol. At 
the site of inoculation the recombinant gene of interest is expressed transiently in 
cells containing both the vector DNA and M-VA-T7 pol and the corresponding antigen is 
presented to the hO'St immune system stimulating an ant i gen - spec i f i c immune response. 
This protocol using the non-replication vaccinia with MVA - T 7 pol represents a 
promising novel approach to nucleic acid vaccination allowing efficient transient 
expression of a given antigen, but avoiding the potential risk of constitutive gene 
exp ress i on . 

Detailed Description Text (48): 

Tne'primers for the right 550- bp DNA flank were 5' -CAG CAG CTG CAG GAA TCA TCG ATT CCA 

r-AT A3C 3' 02. ID MO: 30 ; and 5 ' - ^AG GAG GGA TGG GGA CGA ACA AGG AAC TGT AGC 
AGA-3' ( SEQ 12 NO: 4) (sites f or restriction enzymes Pst 1 anc. Jpnl are up. tier 1 i iei; . 
Between these f lanV..s of MVA DNA inserted in pOCiB, tne Escher l ::h iu :;o 1 i LocO gene 
under control of the vaccinia virus late promoter Pll (prepared by restriction digest 
from pill LZ, Sutter, G. and Moss, B., PNAS USA 8 9:1034 7- 10*5 1 (19?2)) was inserted, 
using the BamHl site, to generate the MVA insertion vector p'JCII LZ (FIG. 1) . In the 
following, a 289 bp fragment containing the vaccinia virus early-late promoter P7 . 5 
together with a Smal site for cloning (prepared by restriction digest with ScoRI and 
Xbal from the plasmid vector pSCll (Chakrabarbt i et al., Mole. Cell. Biol., 
5:3403-3409 (1985)} was inserted into the Smal site of pVCIl LZ to give tne MVA vector 
pUC II LZ ? n . 5 [FIG. 2 ] . To construct a vector plasmid that allows isolation of 
recombinant MVA viruses via transient synthesis of the reporter enzyme 
. beta . -go 1 actos i dace a 3 30 bp DNA fragment from the 3 1 -end of the E. zzli LacZ open 
reading frame was amplified by PGR (primers were i'--_Ao ..mo oTo w -„-^ uhc ui 

A^T bC- -j^.V-J SEJ ID N"J : 0; ,-i.IlU D j j'j „I j OOj .h i 1 j On 'j _-j t\ _ ~ Oj j jLI wrt-j - J 

(SEQ ID NO: 6)) and cloned into the SalL ani Pstl sites of pUG II LZ P7 . 5 to obtain 
the MVA vector pUC II LZdel P' 7 . 5 (FIG. 3). Vising the Smal site, this vector plasmid 
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can be used to insert DNA sequences encoding a foreign gene under transcriptional 
control of the vaccinia virus promoter P" 7 . 5 into the MVA genome. After the desired 
recombinant -nrus has been isolated by screening for expression of 

.beta, galactosidase activity further propagation :-f the recombinant virus leads to 
the self deletion of the reengineered Pli-LacZ expression cassette by homologous 
re comb i nat ion . 

Detailed Description Text (50'': 

A 3.1 kbp DNA fragment containing the entire gene :>f bacteriophage RNA polymerase 
under control of the vaccinia virus early/late promoter P7 . 5 was excised with EcoRl 
f rem plasmid pTF^-3 (Fuerst, T. R. et al., P.N.A.S. USA , 83:6122-8126 (1986), modified 
by incubation with Klenow DNA polymerase to generate blunt ends, and cloned into a 
unique Smal restriction site of pUCII LZ to make the plasmid transfer vector pUCII LZ 
T^pol (FIG. 4). As transcriptional regulator for the expression of the T7 RNA 
polymerase gene the vaccinia virus early/late promoter P7 . 5 was chosen. Contrary to 
stronger vaccinia virus late promoters 'e.g. Pliy this promoter system allows 
expression of recombinant genes immediately after the infection of target calls. The 
plasmid PUCII LZ T' ? pol that directs the insertion of the fore ign- genes into the site 
of deletion : I of the MVA genome was used to generate the recombinant: virus MVA T7pol . 



Detailed Description Text (52,: 

To monitor expression of T7 RNA polymerase by recombinant MVA T7pol [.sap. 35 S] 
methionine -labeled polypeptides from virus infected tissue culture were analyzed. 
Monolayers of the monkey kidney cell line CV-1 grown in 12 -well plates were infected 
with virus at a multiplicity of 20 TCID.sub.50 per cell. At 3 to 5 hours after 
infection, the medium was removed, and the cultures were washed once with 1 ml of 
methionine free medium. To each well, 0.2 ml of methioni ne - f ree medium supplemented 
with SO . mu.Ci of [.sup. 3 5 Si methionine was added and incubated for 3 0 minutes at 
37. degree. C. Cytoplasmic extracts of infected cells were prepared by incubating each 
well in 0.2 ml of 0.5% Nonidet P-40 lysis buffer for 10 min at 37. degree. C. and 
samples were analyzed by SDS - PAGE . The metabolic labeling of the CV-1 cells with MVA 
T7pol revealed the synthesis of two additional, polypeptides (i) a protein of about 
116,000 Da representing the E. col i . beta . -ga Lactosidase co-expressed to allow the 
screening for recombinant virus and ( i i ;■ a 98,000 Da protein with the expected size of 
the bacteriophage T7 RNA polymerase. The large amount of . beta . -gal actocidase made by 
MVA T7pol is remarkable. The results from the in vivo labeling experiments demonstrate 
a verv strong expression of the Pll-LacZ gene construct when inserted into the MVA 
genome at the site of deletion II indicating that recombinant genes in MVA vector 
viruses might be expressed more efficiently when inserted into this locus of the MVA 
genome . 

Detailed Description Text (53) : 

The usefulness of MVA-T^pol recombinant viruses as expression system in comparison to 
the WR-T7pol recombinant virus VTF7-3 (Fuerst et al. 1986) was tested by the 
co - t.ransf ect ion of DNA of a plasmid vector that is derived from pTMl (Moss, B., et 
ah, Nature, 343:91-92 ','1990)) and contains (cloned into the Ncol and BamHI sites of 
the pTMl multiple cloning site) the E. coli chloramphenicol ace ty 1 t ran f erase (CAT) 
gene under tie :cn: ro 1 a "*7 RNA pc Iv^e^ase oromote r ■ PT . sub. 7). Transf ected and 

infected CV- i cells were suspended in 0.2 mi of 3.2 5 M Tris-H2l ;pH 7.5) . After three 
freeze-thaw cycles, the lysates were cleared by cent r i f uga t i , the protein content of 
the supernatants was determined, and samples containing 0.5, 0.25, 0.1 .mu.g total 
protein were assayed for enzyme activity as described by Mackett, M., et al., J. 
Virol., 49:857-364 (1934). After autoradiography, labeled spots were quantitated using 
the Fuji imaging analysis system. 

Ce tailed Description Text (56) : 

A 6 4 8 bo DNA fragment containing the entire nef gene of HIV-1 LAI was prepared by PCR 
from plasmid DNA (pTG116 6 kindly provided by M.-P. Kieny, Transgene S.A., Strasbourg; 
PCR primers were 5 *' - C AG CAG GOa' TCC ATG GGT GGC AAG TGG TCA AAA AGT AGT - 3 ' (SEg ID NO: 
7) and 5'-CAG CAG GGA TCC ATG TCA GCA GTT CTT GAA GTA CTC CGG - 3 ' ( SEC I D NO: 8)), 
digested with restriction end onuc lease 3amHI , modified by incubation with Klenow DNA 
polymerase to generate blunt ends, and cloned into the Smal site of pU2 II LZdel P7 . 5 
to make the vector pUC II LZdel P7.5- LAlnef (FIG. 5). This plasmid could be used to 
engineer MVA recombinant virus that expresses the nef gene of HIV-1 LAI under control 
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of the vaccinia virus early/ late promoter P7 . 5 . 
Other Reference Publication (11) : 

Wyatt, et ai . , " Repl i ca t i on - de f i c i en t vaccinia virus encoding bacteriophage T7 RNA 
polymerase for transient gene expression in mammalian cells", Virol., 210:202-205 
( 1995 ) . 
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